Synthesis of polymorphous of nanoparticulate alumina has been the subject of many works. The stabilization of these nanoparticles in aqueous suspensions is necessary in many technologic application and industrial products. Recently, a number of routes have been developed using various dispersants to prepare these nanoparticles dispersed in aqueous solution. In this work, nanoparticulate alumina prepared by precipitation and freezing drying was investigated as potential material for aqueous dispersion. These nanoparticles were dispersed in methylethylglycol (MEG), polyvinylalcohol (PVA) and polymethacrylate (PMA). The alumina nanoparticles and the dispersions were characterized physical-chemically and tested in the preparation of thin films.
I. INTRODUCTION
In recent studies, different kinds of nanoparticles in form of nanosphere, nanotube, nanowire, nanorod, nanoribbon, nanoplate, among others have been developed to application in diverse technologies [1] . These nanostructures have been obtained with different shapes and sizes, high specific surface area, and consequently with high reactivity. The knowledge obtained with these studies has brought important contributions to the advance of the nanotechnology. Therefore, nanoparticle productions present many difficulties depending on the particular properties desired. The manipulation of these materials is very difficult, taking in account problems with fabrication, transport, final application and toxicity [2] .
One way to manipulate this type of nanomaterial after synthesis consists in the preparation of colloidal dispersions. In that way the manipulation become easy and it is possible to prepare thin films from dispersions of low concentration, nanoabrasives from alpha-alumina disperse in high concentrations and adequate dispersions to mix in precursor pastes of refractory materials. Colloidal dispersion is systems in which particles with dimension between 1 and 1000 nm are dispersed in a continuous phase. This kind of system can be formed due to four interaction energies: van der Waals, electrostatic, steric and depletion interaction energies. The colloidal suspension must have appropriated physical-chemical properties to produce the final product with desired characteristics, such as transparent, adherent and homogeneous thin films, nanoabrasives or refractory material pastes.
The dispersion of alumina nanoparticles is more difficult than of the particles with size in the order of microns due to the tendency to agglomeration provoked by the high reactivity.
In this study, we produced colloidal dispersions from alumina nanoparticles prepared by precipitation and dried by lyophilisation, dispersed in water, using methylethylglycol (MEG), polyvinylalcohol (PVA) and polymethacrylate (PMA) as dispersants. The aluminas were characterized by X-ray diffraction (XRD) and gas adsorption. The solutions * Electronic address: nelcy@ufmg.br were characterized by nuclear magnetic resonance (NMR) and used in the preparation of thin films by dipping coating process [3] [4] [5] [6] [7] [8] . The films were characterized by X-ray diffraction (XRD), energy dispersive spectroscopy (EDS) and atomic force microscopy (AFM).
II. EXPERIMENTAL
Aluminum nitrate hexahidratate [Al(NO 3 ) 3 .6H 2 O] and ammonia solution were used as starting reactants materials. Al(NO 3 ) 3 .6H 2 O were dissolved in deionized water and the ammonia solution was added to the solution during agitation. The obtained white precipitate was washed with deionized water to remove impurities. The materials were submitted to freezing drying process generating particles with boehmite phase that was calcined at 800 • C to become alpha alumina.
The aluminas were analyzed by X-ray diffractometry (Rigaku, Geigerflex 3034) with CuKα radiation, 40 kV and 30 mA, time constant of 0.5 s and crystal graphite monochromator. Crystallite size was determined by Scherrer equation (D = 0.9λ/βcosθ, where D is the crystallite diameter, λ is the radiation wavelength and θ the incidence angle).
Sample textural characteristics were determined through nitrogen gas adsorption (Autosorb -Quantachrome Nova 1200) at liquid nitrogen temperature. Nitrogen gas was used with a 22-point adsorption-desorption cycle. The samples were outgassed at 200 • C for 3 h before each analysis. Specific surface areas (SSA), average particle size (d) were obtained by the application of the Brunauer-Emmett-Teller (BET) equation [9] . The average particle size was evaluated using the equation: d(nm) = 6/S · ρ, where 6 is the form factor for spherical or cubic particles, S is the superficial area in m 2 g −1 and ρ is the true density in g cm −3 . The true densities were evaluated by helium picnometry (Quantachrome).
The boehmite, gamma-alumina and alpha-alumina prepared were dispersed in water using methylethylglycol (MEG), polyvinylalcohol (PVA) and polymethacrylate (PMA) as dispersants. Viscosity and density of the colloidal alumina dispersions were measured using an Ostwald viscometer and a glass pycnometer. Nuclear Magnetic Resonance (NMR 27 Al) spectra were obtained by a equipment Bruker Avance DRX 400 to identify the aluminas in suspen-sion.
The films were prepared by dip-coating process in glass substrates, using solutions prepared with boehmite, gamma and alpha-alumina with viscosity between 3 and 6 cp, and pH of ∼ 3. The withdrawal speed was of 8 mm/sec, and the obtained wet films were dried in air for 30 min and thermally treated for 15 min at 400 • C.
The particle size distribution and roughness of the films were evaluated by atomic force microscopy (Nanoscope II and a Dimension 3000, Digital Instruments) equipped with an extended modulus for phase imaging. The images were generated through the intermittent contact mode, using a silicon probe tip with 5 nm of curvature radius.
III. RESULTS AND DISCUSSION
X-ray diffractograms of the aluminas prepared at different temperatures are showed in the Figure 1 . With the increase in the temperature, the crystalline boehmite formed by freeze drying lost water, and its structure is annihilated originating intermediary alumina (γ-alumina). The structure of the intermediary alumina self-organizes with the increasing in the temperature forming the α-alumina at 1200 • C. The images were generated through the intermittent contact mode, using a silicon probe tip with 5 nm of curvature radius.
III. Results and Discussion
X-ray diffractograms of the aluminas prepared at different temperatures are showed in the Figure 1 . With the increase in the temperature, the crystalline boehmite formed by freeze drying lost water, and its structure is annihilated originating intermediary alumina (γ-alumina). The structure of the intermediary alumina self-organizes with the increasing in the temperature forming the α-alumina at 1200 °C. The aluminas prepared by freezer drying were nanoparticulate in all temperatures of thermal treatment. Table 1 shows the alumina textural characteristics obtained by gas adsorp-3 between 9 ± 2 and 13 ± 3 nm. The average particle size measured by gas adsorption was similar to average crystallite size measured by XRD, suggesting that the particles are monodisperses. tion. We can observe that the as-prepared aluminas have specific surface area extremely high (289 m 2 /g), whose values remained high even when heated at 1200 • C (118 m 2 /g). The average particle size almost did not change with the increase in the temperature, remaining between 9 ± 2 and 13 ± 3 nm. The average particle size measured by gas adsorption was similar to average crystallite size measured by XRD, suggesting that the particles are monodisperse.
The aluminas stabilized with all dispersants stayed stable and showed adequate properties to be used to prepare the thin films. The NMR-27 Al spectra (Figure 2) show that the aluminas remained in the solution, without dissolution. The three dispersant used showed the same results. It was not possible prepare thin films with the alphaalumina dispersion. The films obtained with the gammaalumina dispersion presented defects and cracks. The asprepared films obtained with the boehmite solution were transparent and adherent. Thermal treatments were carried out at 400 o C, without crack of the films. After thermal treatment the thin films presented gamma-phase according XRD analyses.
A typical AFM analysis (Figure 3a and 3b) revealed that the obtained thin films are homogeneous with average particle size in the order of 100 ±8 nm. The films are formed by crystalline nanoparticles of γ − Al 2 O 3 .
IV. CONCLUSION
The alumina obtained were monodispersed even when prepared at high temperatures. The obtained nanoparticles were adequate to preparation of colloidal alumina systems. The colloidal boehmite had physical-chemistry properties adequate to be used in the preparation of homogeneous thin films, with average particle size in the order of 100 ± 8 nm.
